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Mango (Mangifera indica L.) belongs to the Anacardiaceae family and is one of the most important tropical fruits. It is consumed both fresh and processed. Thailand is the third largest producer of mango fruits in the world (Dube & Zunker 2004 ). Among Thai cultivars, Choke-Anan and Kaew are the two that are most commonly used for processing. Major by-products produced during mango processing are seeds and peels in the range 35-60% depending on the cultivar (Larrauri et al. 1996) .
Mango seed kernels contain various polyphenols, including flavonols, xanthones and gallotannins, and can be a good source of natural antioxidants (Abdalla & Darwish 2007) . The anti-tyrosinase, antiinflammatory, hepatoprotective and anti-microbial activities of mango seed kernel extracts (MSKE) have previously been reported (Maisuthisakul & Gordon 2009; Nithitanakool et al. 2009; Khammuang & Sarnthima 2011) . In our previous study (Namngam & Pinsirodom 2017) , we found, using different methods (DPPH, FRAP, ABTS, and H 2 O 2 ), that Thai MSKE from Kaew and Choke-Anan cultivars exhibited antioxidant activities and showed inhibitory effects on tyrosinase, 5-lipoxygenase, hyaluronidase and α-glucosidase activities.
In a previous study (Maisuthisakul 2011) , the polyphenol compounds of MSKE were fractionated and it was found that fraction 3 of 5 fractions obtained using shaking extraction and fraction 2 of two obtained using acid hydrolysis extraction from Choke-Anan MSKEs exhibited the highest antioxidant efficiency. A previous report showed that MSKE Food Chemistry and Safety https://doi.org/10.17221/225/2017-CJFS is a rich source of gallotannins. Five gallotannins, penta-o-galloyl-glucoside, hexa-o-galloyl-glucoside, hepta-o-galloyl-glucoside, octa-o-galloyl-glucoside and nona-o-galloyl-glucoside were identified in Chinese mango seed kernels using LC-ESI-MS/MS and NMR (Luo et al. 2014) . Tri-o-galloyl-glucoside, tetra-o-galloyl-glucoside, penta-o-galloyl-glucoside, hexa-o-galloyl-glucoside, hepta-o-galloyl-glucoside and octa-o-galloyl-glucoside were also identified in Hiesy mango seed kernels (Resoanaivo et al. 2014) and 21 gallotannins were identified in Tommy Atkins mango seed kernels (Berardini et al. 2004) .
The present studies were carried out to investigate the fractionation, antioxidant properties and selected enzyme inhibition activities of different fractions of MSKE and to identify key components using extracts from the mango cultivars Kaew and Choke-Anan. An additional objective was to identify by-products that could be obtained from the mango processing industry and which could add value and be used in functional foods and pharmaceutical products.
MATERIAL AND METHODS
Material. Mushroom tyrosinase and soybean 5-lipoxygenase were purchased from Sigma-Aldrich (USA). Bovine hyaluronidase and yeast α-glucosidase were purchased from Merck (Germany). l-3-4-dihydroxyphenylalanine, arbutin, sodium linoleate, rutin, p-nitrophenyl-α-d-glucopyranoside, dimethylaminobenzaldehyde, Folin-Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), hydrogen peroxide, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), gallic acid, and Sephadex LH-20 were purchased from Sigma-Aldrich (USA). Dimethyl sulfoxide (DMSO) was purchased from Fluka (Switzerland). The other chemicals and solvents used in this study were purchased from Sigma-Aldrich (USA).
The two cultivars of mango used in this study, Kaew and Choke-Anan, were obtained from a local orchard in the Nakornratchasima Province of Thailand between March and May, 2016. The samples were randomly selected based on size (4-5 mangoes/kg) and all were judged to be mature-green. Mango peel and pulp were removed from the fruits by hand and the seeds were washed and stored at -18°C for no longer than four months before being used. The kernels were then separated from their shells for analysis.
Preparation of mango seed kernel extracts.
Preparation of crude MSKE using ultrasonic-assisted extraction was as described by Gharfoor & Choi (2009) . Briefly, samples were ground and blended with 95% ethanol (100 ml) in a blender (Moulinex, Mexico) for 5 minutes. The samples were then incubated in a sonication water bath (JAC Ultrasonic 2010P; Jinwoo Engineering Co., Ltd., Korea), with the frequency fixed at 20 kHz, at a temperature of 25°C for 15-60 minutes. Samples were then further incubated in a water bath at 80°C for 1 hour. The mixtures were cooled at room temperature and the supernatant was passed through filter paper (Whatman No. 4; Merck, Germany) . All filtrates were evaporated in a rotary evaporator (Büchi Rotavapor R II; USA) at 50°C under vacuum (to 70% solids) and the extracts were weighed to determine the yield of soluble components.
Fractionation of MSKE. The samples (1 g) were dissolved in 5 ml methanol and applied to a Sephadex LH-20 chromatography column (35 mm diameter × 450 mm height). The flow rate was 1 ml/min. Methanol fractions (10 ml) were collected in test tubes. Eluted fractions were then pooled based on their elution profiles. Their absorbance was measured at 280 nm using a spectrophotometer (UV-1601; Shimadzu, Japan). After evaporation of methanol, the samples were weighed to determine the yield of different fractions. Each fraction was used to determine the total polyphenol content (TPC), antioxidant activity and inhibitory action on tyrosinase, 5-lipoxygenase, hyaluronidase and α-glucosidase activity.
Determination of total polyphenol contents (TPC). The TPC were determined using Folin-Ciocalteu's phenol reagent and a method modified from Singleton and Lamuela-Raventos (1999) . Briefly, each crude extract of 0.5 g was dissolved in 20 ml dimethyl sulfoxide (DMSO). Samples of 0.5 ml were mixed with 0.5 ml of Folin-Ciocalteu's phenol reagent and adjusted to 10 ml with distilled water. After mixing for 5 min, 0.8 ml of 10% (w/v) sodium carbonate was added. The mixtures were agitated and incubated for 10 min at room temperature in the dark. The absorbance was measured at 765 nm on a spectrophotometer. The total polyphenol contents of the samples were expressed as milligrams of gallic acid equivalent per gram of MSKE (mg GAE/g MSKE) using a linear equation.
DPPH radical scavenging assay. The radical scavenging activity of MSKE was measured by using the stable free radical, DPPH (2,2-diphenyl-2-picrylhydrazyl), as described by Nishaa et al. (2012) . DPPH J. Food Sci., 36, 2018 (1): 8-15 https://doi.org/10.17221/225/2017-CJFS (0.8 mM) in ethanol was prepared and 0.6 ml of this solution were added to 4.4 ml of sample solution in ethanol. After 30 min of incubation in the dark at room temperature, the absorbance was measured at 517 nm with a spectrophotometer. The ability to scavenge DPPH was calculated as percent DPPH scavenging activity using Equation (1) Ferric reducing antioxidative power assay (FRAP). FRAP assays on MSKE were carried out as described by Nishaa et al. (2012) . FRAP reagent was freshly prepared by mixing 25 ml acetate buffer (3 mM, pH 3.6), 2.5 ml 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) solution (10 mM TPTZ in 40 mM HCl) and 2.5 ml FeCl 3 (20 mM) water solution. Each sample (150 µl, 0.5 mg/ml dissolved in ethanol) was added to 4.5 ml of freshly prepared FRAP reagent and stirred, and, after 5 min, the absorbance was measured at 593 nm using a spectrophotometer. A calibration curve of various concentrations of Trolox was used and results were expressed as milligrams of Trolox equivalent per gram of MSKE (mg Trolox/g MSKE).
Czech
Hydrogen peroxide scavenging assay. The hydrogen peroxide scavenging ability of MSKE was measured using the method of Yen and Chen (1995) . H 2 O 2 solution (4 mM) was prepared in phosphate buffer (0.1 M, pH 7.4). Samples of 4 ml were mixed with 0.6 ml of H 2 O 2 solution. The mixture was incubated for 10 min. The absorbance of the solution was determined at 230 nm using a spectrophotometer against a blank solution containing the plant extract in phosphate buffer without H 2 O 2 . The H 2 O 2 scavenging activity was expressed as milligrams of Trolox equivalent per gram of MSKE (mg Trolox/g MSKE) using a linear equation.
ABTS radical scavenging assay. The ABTS 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) radical cation scavenging activity of MSKE was measured as described by Re et al. (1999) . The ABTS radical cation was produced by reacting 7 mM ABTS stock solution with 2.45 mM potassium persulfate solution (1 : 1) and the mixture was allowed to stand in the dark at room temperature for 12 h before use. The mixture was diluted with deionised water and 95% ethanol (1 : 1) to ensure an absorbance of 0.7 ± 0.02 at 734 nm in spectrophotometric analysis. Extracts of 20 µl were mixed with 6 ml of diluted ABTS radical cation solution. The decrease in absorbance was recorded at 6 min after mixing. Trolox was used as a standard.
The ABTS scavenging activity of the samples was expressed as milligrams of Trolox equivalent per gram of MSKE (mg Trolox/g MSKE) using a linear equation. All determinations were performed in triplicate.
Determination of tyrosinase inhibition activity. The inhibition activity of MSKE was measured using the modified dopachrome method with mushroom tyrosinase and l-3,4-dihydroxyphenylalanine (L-DOPA) as substrates (Masuda et al. 2005) and their effect on the enzyme was determined based on dopachrome formation at 450 nm using a 96-well reader. Samples were dissolved in DMSO at various concentrations. Each well contained 40 µl of sample with 80 µl of phosphate buffer (0.1 M, pH 6.8), 40 µl of tyrosinase (100 units/ml) and 40 µl of L-DOPA (2.5 mM). Each sample was accompanied by a blank that had all the components except L-DOPA. Results were compared to arbutin as a reference standard. The percent inhibition of tyrosinase was calculated using Equation (2). The inhibitory effect (%) of the samples was expressed as an inhibitor concentration causing a 50% loss of enzyme activity (IC 50 ). % inhibition activity = = [(Abs control -Abs sample )/Abs control ] × 100 (2) Determination of 5-lipoxygenase inhibition activity. The inhibition activity of MSKE was measured using linoleic acid as a substrate as described by Shinde et al. (1999) . The reaction was initiated by the addition of aliquots (50 µl) of a soybean lipoxygenase (1000 units/ml) solution (prepared daily in 1 M potassium phosphate buffer, pH 9.0) and 2.0 ml of sodium linoleate (100 µM) in phosphate buffer. The samples (30 µl) were dissolved in DMSO at various concentrations and then added. The mixture was incubated for 5 min. The absorbance of the solution was taken at 234 nm on a spectrophotometer. Results were compared to rutin as reference standard. The percentage inhibition of 5-lipoxygenase was calculated according to Equation (2). The inhibitory effect (%) of the samples was expressed as an inhibitor concentration causing a 50% loss of enzyme activity (IC 50 ).
Determination of hyaluronidase inhibition activity. Inhibition of hyaluronidase was determined by measuring the amount of N-acetyl glucosamine that was split from sodium hyaluronate as described by Lee et al. (2001) . The assay medium consisted of 50 µl of hyaluronidase (1000 units/ml prepared in 0.1 M acetate buffer, pH 3.5), 50 µl of various concentrations of MSKE dissolved in 5% DMSO and 12.5 mM Food Chemistry and Safety https://doi.org/10.17221/225/2017-CJFS calcium chloride. The medium was incubated for 10 min at 37°C. The reaction was then initiated by the addition of 250 µl of sodium hyaluronate as substrate (1.2 mg/ml dissolved in 0.1 M acetate buffer, pH 3.5) and then 1.5 ml of p-dimethylaminobenzaldehyde (4 g PDMAB dissolved in 350 ml of glacial acetic acid and 50 ml of 10 N HCl) was added to the reaction mixture followed by incubation for 20 min at 37°C. The absorbance was measured at 585 nm using a spectrophotometer. Results were compared to vitamin C as reference standard. The percent inhibition of hyaluronidase was calculated according to Equation (2) . The inhibitory effect (%) of the samples was expressed as the inhibitor concentration causing a 50% loss of enzyme activity (IC 50 ).
Determination of α-glucosidase inhibition activity. The inhibitory effects of MSKE on α-glucosidase was measured according to Apostolidis et al. (2011) . The reactions contained dilutions of the MSKE (0-200 µl) and 100 µl of α-glucosidase (1000 units/ml 0.5 mg/ml) in phosphate buffer (0.1 M, pH 6.9) solution and were incubated at 25°C for 10 min. Then, 50 µl of 5 mM p-nitrophenyl-α-d-glucopyranoside in phosphate buffer (0.1 M, pH 6.9) solution was added. The mixtures were incubated at 25°C for 5 min, before reading the absorbance at 405 nm on a spectrophotometer. Acarbose was used as reference standard. The percent inhibition of α-glucosidase was calculated according to Equation (2). The inhibitory effect (%) of the samples was expressed as an inhibitor concentration causing a 50% loss of enzyme activity (IC 50 ).
Identification of polyphenols using LC-ESI-MS. The fractions with the highest bioactivities were identified to harbour the main polyphenol constituents using LC-ESI-MS. Electrospray ionisation mass spectrometry analysis of polyphenol compounds in fractions of MSKE was performed for identification using an applied TSQ Quantum Ultra-LCMS (Thermo Fisher, USA) based on the method described by Abdullah et al. (2015) . The mass spectra were acquired in positive electrospray ionization (ESI) modes with high resolutions of up to 3000 Daltons. The spray voltage used was 3500 V. The sheath/ auxiliary/sweep gas was 99% nitrogen and sheath gas pressure was 30 psi with 5 psi for auxiliary gas pressure. The capillary temperature was 270°C. The injection volume was 10 µl and the flush speed was 100 µl/s. In the MS analysis (full scan), data were collected over masses of 50 to 2000 m/z. Statistical analysis. The results are expressed as the mean ± standard deviation. All determinations were performed in triplicate (n = 3). Statistical analyses were carried out using one-way ANOVA in SPSS version 16.0. Differences were considered significant at P ≤ 0.05.
RESULTS AND DISCUSSION
Fractionation of mango seed kernel extracts. The crude ethanol extracts of MSKE from the two cultivars were fractionated on Sephadex LH-20 chromatography columns using methanol as the mobile phase. The elution profiles measured by the spectrophotometer at 280 nm are shown in Figure 1 . Three major isolates were obtained for the MSKE from both cultivars with the absorbance generally higher for the Choke-Anan MSKE fractions than for those of Kaew.
Recovery yield, total polyphenols and antioxidant activities. The recovery yield and TPC of all the obtained fractions from Kaew and Choke-Anan MSKE are shown in Table 1 . The recovery yields were in the range of 6.41-17.11 and 9.49-27.90%, respectively. Crude MSKE from Kaew and Choke-Anan exhibited TPC values of 132.78 ± 0.77 and 175.06 ± 0.61 mg GAE/g, respectively. Fraction 3 of MSKE from Kaew and Choke-Anan had approximately 1.75 and 1.50-fold higher levels of TPC than crude MSKE, respectively, which were significant differences (P ≤ 0.05). Table 1 shows the antioxidant activities of crude fractions MSKE from Kaew and Choke-Anan and gallic acid as a reference standard using four different methods. Fraction 3 of both cultivars exhibited significantly (P ≤ 0.05) increased antioxidant activities in all the methods tested compared to crude extracts, with approximately 1.54, 1.54, 1.48, and 1.12-times higher antioxidant activities for Kaew and 1.51, 1.49, Czech J. Food Sci., 36, 2018 (1): 8-15 https://doi.org/10.17221/225/2017-CJFS 1.41, and 1.07-times higher antioxidant activities for the Choke-Anan cultivar. Fraction 3 of Choke-Anan MSKE did not have a significantly (P > 0.05) different antioxidant activity compared with gallic acid using the DPPH and FRAP methods. Gallic acid clearly exhibited the highest (P ≤ 0.05) antioxidant activity using the H 2 O 2 and ABTS methods. The recovery yields for both Kaew and Choke-Anan MSKE were highest in fraction 3. In addition, the fractions with the highest TPC in both cultivars corresponded to those with the highest antioxidant activities in all the methods tested. Maisuthisakul (2011) also reported that fraction 3 from Choke-Anan, obtained from MSKE using shaking extraction and fraction 2, obtained from MSKE using acid hydrolysis extraction, did not differ significantly (P > 0.05) in their antioxidant efficiencies when compared to methyl gallate. Selected enzyme inhibitory activities. In this investigation, crude MSKE and fractions from Kaew and Choke-Anan were used to determine the inhibition of tyrosinase, 5-lipoxygenase, hyaluronidase and α-glucosidase activities compared to the reference standard. The values are presented as the inhibitor concentration causing a 50% loss of enzyme activity (IC 50 ). A smaller IC 50 value means a higher enzyme inhibitory activity. Table 2 shows the IC 50 values of enzyme inhibition activities of crude MSKE, fractions and the standard reference.
Tyrosinase is the main enzyme in the melanin synthetic pathway in melanocytes and Park et al. (2004) reported that inhibition of tyrosinase could be an important strategy for blocking melanogenesis. Tyrosinase inhibitors have been widely used as ingredients in some skin whitening cosmetics. Fraction 3 of MSKE from Kaew and Choke-Anan showed significant differences (P < 0.05) in tyrosinase inhibitory activity compared to all other fractions and crude MSKE; the IC 50 values were 17.10 ± 0.15 and 15.35 ± 0.63 µg/ml, respectively. The results also showed that fraction 3 of both cultivars was more effective at inhibiting tyrosinase activity than the standard reference, arbutin. Therefore, MSKE is a promising functional food and natural cosmetic for whitening products. Alitonou et al. (2006) showed that 5-lipoxygenase can catalyse the conversion of arachidonic, linoleic and other polyunsaturated fatty acids into biologically active metabolites, which are active mediators in a variety of inflammatory processes. The inhibitory activity of 5-lipoxygenase from crude MSKE and fractions of MSKE from Kaew and Choke-Anan, compared to rutin, showed a significantly (P ≤ 0.05) higher 5-lipoxygenase inhibition activity than the other fractions and crude MSKE. The IC 50 values ranged from 21.35 ± 0.65 µg/ml to 41.63 ± 0.52 µg/ml. The reference standard, rutin, had a lower IC 50 value (10.96 ± 0.69 μg/ml). It is therefore clear that the inhibitory activity of 5-lipoxygenase from MSKE may hold potential for the potential development of new anti-inflammatory drugs. Sahasrabudhe and Deodhar (2010) showed that hyaluronidase is a naturally occurring enzyme that catalyses the degradation of hyaluronic acid, whose action can lead to diminishing amounts of hyaluronic acid in the skin with the result that the skin becomes dried and wrinkled. Fraction 3 of Kaew MSKE and fractions 1, 2, and 3 of Choke-Anan MSKE showed Values are mean ± SD (n = 3); values in the same column that are followed by different superscript letters are significantly different each other (P ≤ 0.05); nd -not determined Food Chemistry and Safety https://doi.org/10.17221/225/2017-CJFS significantly higher (P ≤ 0.05) hyaluronidase inhibitory activities than the reference standard, which was vitamin C. Fraction 2 from Kaew and crude Choke-Anan MSKE were not significant different (P > 0.05) in their hyaluronidase inhibition activities. Moreover, MSKE from Choke-Anan showed significantly higher (P ≤ 0.05) activity than that from Kaew. These results suggest that the hyaluronidase inhibitory activity of MSKE has potential as a new ingredient in functional foods and anti-wrinkle cosmetics. Hydrolysed dietary carbohydrates are the major source of blood glucose, and are hydrolysed by pancreatic α-amylase with absorption by the small intestine aided by α-glucosidases (Elsenhans & Caspary 1987) . Kumar et al. (2011) described the control of postprandial hyperglycaemia as a practical therapeutic approach for the management of diabetes. They suggested that the progression of diabetes mellitus can be stopped by inhibiting the absorption of dietary carbohydrates in the small intestine. The α-glucosidase inhibitory activities from crude extracts and fractions of MSKE from both Kaew and Choke-Anan compared to acarbose are shown in Table 2 . In addition, fraction 3 of both cultivars exhibited significantly higher (P ≤ 0.05) α-glucosidase inhibitory activity compared to crude extracts and other fractions with IC 50 values of 110.45 ± 4.01 and 108.00 ± 2.51 μg/ml, respectively. However, acarbose, the reference standard, had significantly higher (P ≤ 0.05) α-glucosidase inhibitory activity than all crude extracts and fractions of MSKE.
Fraction 3 of MSKE from both cultivars exhibited significantly higher (P ≤ 0.05) tyrosinase, 5-lipoxygenase, hyaluronidase and α-glucosidase inhibitory activities than crude MSKE and other fractions. These results correspond with the TPC and antioxidant activity values shown in Table 1 . Moreover, the IC 50 values for tyrosinase and hyaluronidase inhibition activities of fraction 3 in both cultivars were lower than those of arbutin and vitamin C, respectively. Antioxidant activity mechanisms may also be one of the main reasons for tyrosinase inhibition activity (Kim et al. 2008) . Some phenolic compounds such as ellagic acid, tannic acid (or gallotannins) and quercetin have been shown to inhibit tyrosinase activity (Shimogaki et al. 2000) and hyaluronidase activity (Girish & Kemparaju 2005) . The experimental results indicate that fraction 3 of MSKE from both cultivars contained a key component that had stronger enzyme inhibitory activities.
Identification of key polyphenol constituents. The separation results for the polyphenols in fraction 3 of MSKE from Kaew and Choke-Anan using LC-ESI-MS mass spectrometry with a retention time of 0-8.3 min are shown in Table 3 . Consistent with previous studies (Berardini et al. 2004; Luo et al. 2014; Resoanaivo et al. 2014) , six polyphenols were detected in fraction 3 of MSKE from both cultivars and were the following: Peak 1 showed an (M-Na) + ion of m/z 662.3 identified as tri-o-galloyl-glucoside. Peak 2 showed an (M-Na) + ion of m/z 813.5 identified as tetra-o-galloyl-glucoside. Values are mean ± SD (n = 3); values in the same column that are followed by different superscript letters are significantly different from each other (P ≤ 0.05); nd -not determined Czech J. Food Sci., 36, 2018 (1): 8-15 https://doi.org/10.17221/225/2017-CJFS Peak 3 showed an (M-Na) + ion of m/z 902.4 identified as maclurintri-o-galloyl-glucoside. Peak 4 showed an (M-Na) + ion of m/z 961.5 identified as penta-o-galloyl-glucoside. Peak 5 showed an (M-Na) + ion of m/z 1113.2 identified as hexa-o-galloyl-glucoside. Peak 6 showed an (M-Na) + ion of m/z 1265 identified as hepta-o-galloyl-glucoside. The retention time of the mass spectra of fraction 3 from both Kaew and Choke-Anan MSKE were in the range of 2.90-4.44 and 2.10-3.15, respectively, and exhibited ratios and a relative abundance of 5 > 2 > 4 > 3.6 > 1 and 2 > 1 > 4 > 3 > 5 > 6, respectively. Hexa-o-galloyl-glucoside and tetra-ogalloyl-glucoside were the two major components in fraction 3 of MSKE from Choke-Anan, whereas, in Kaew the only major component was tetra-ogalloyl-glucoside. The key components of fraction 3 of MSKE from Kaew and Choke-Anan contained the six main polyphenols: tri-o-galloyl-glucoside, tetrao-galloyl-glucoside, maclurintri-o-galloyl-glucoside, penta-o-galloyl-glucoside, hexa-o-galloyl-glucoside and hepta-o-galloyl-glucoside. These results are similar to those described previously regarding the NMR spectra of ethanolic extracts of by-products from Hiesy mangoes in Madagascar. These authors identified ten gallotannins, which comprised glucose and three to nine gallic acids (Resoanaivo et al. 2014) . Berardini et al. (2004) characterised polyphenols in MSKE Tommy Atkins mangoes and isolated 21 different gallotannins. A similar study identified the gallotannins in the seed kernels of three different Chinese mango cultivars (Maqiesu, Tainong-1, and Zihuamang) using LC-ESI-MS/ MS, and found that the MSKE contained five major gallotannins, i.e., penta-o-galloyl-glucoside, hexa-ogalloyl-glucoside, hepta-o-galloyl-glucoside, octao-galloyl-glucoside and nona-o-galloyl glucoside (Luo et al. 2015) .
CONCLUSIONS
The results of this study are consistent with previous studies on some other mango cultivars and show that fraction 3 of the MSKE from the mango cultivars Kaew and Choke-Anan exhibited the highest antioxidant activities as well as inhibitory effects against the selected enzymes. Moreover, hexa-ogalloyl-glucoside and tetra-o-galloyl-glucoside were identified as the two major components of fraction 3 from Choke-Anan, whereas tetra-o-galloyl-glucoside was found to be the only major component in Kaew. These findings demonstrate that Thai mango seed by-products can be a source of natural ingredients for functional foods, pharmaceutical and cosmetic products and that the type of antioxidant activity can vary between cultivars. 
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